Mercaptoacetyliminothiadiazoline derivatives (19, 20) useful for the pendant moiety of 1b b-methylcarbapenem antibiotics were efficiently synthesized. Acetyl derivative (18) of 20 was submitted to X-ray analysis, and a significant nonbonded S···O close contact was recognized in the crystallographic structure. New 1b b-methylcarbapenems (5, 6) were synthesized by exploiting 19 and 20, and exhibited considerable antibacterial activities in vitro.
Since discovery of a non-natural 1b-methylcarbapenem antibiotic by a Merck Sharp & Dohme research group, 2) we have been extensively studying the development of new 1b-substituted carbapenems and useful new methods for synthesizing them.
3) Nagao and Wyeth Lederle groups disclosed a unique 1b-methylcarbapenem antibiotic, biapenem (1), bearing a s-symmetric bicyclotriazoliumthio group as the pendant moiety.
3h,k) Interestingly, an intramolucular nonbonded S···O interaction ("close contact") was recognized in the crystal structure of 1. 3k) Ishiguro et al. reported a significant relationship between an intramolecular nonbonded S···O interaction in the molecule of penem antibiotic (2) and its antibacterial activities.
4) The intramolecular nonbonded interactions such as S···O, S···S, S···N have been observed in a large amount of organosulfur compounds. 5) We also reported the fascinating intramolecular nonbonded S···O interactions in the molecules of 2-acylimino-1,3,4-thiadiazolines (e.g., 3), which exhibited strong angiotensin II receptor antagonistic activity, and the structural stability of their model compounds (e.g., 4) involving such a nonbonded interaction on the basis of the ab initio MO calculations. 6) With background described above, we now report the synthesis and antibacterial activities of new 1b-methylcarbapenems (5, 6) having the potential for intramolecular nonbonded interactions in their molecules, as shown in Chart 1.
Commercially available 2-amino-1,3,4-thiadiazole (7) and its 5-methyl derivative (8) were treated with trifluoroacetic anhydride in toluene at 0°C and then room temperature to afford the corresponding 2-trifluoroacetylamino derivatives (9, 10) in 70 and 80% yields. Regioselective methylation of 9 and 10 with MeI and K 2 CO 3 in N,N-dimethylformamide (DMF) gave their 3-methylthiadiazoline derivatives (11, 12) as colorless prisms in 78 and 97% yields, respectively. After hydrolysis of 11 and 12 with 5% aqueous NaOH in tetrahydrofuran (THF), the resultant 2-iminothiadiazolines (13, 14) were allowed to react with bromoacetyl chloride in the presence of pyridine in CH 2 Cl 2 to obtain the corresponding 2-bromoacetylimino-3-methylthiadiazolines (15, 16) as pale yellow prisms in 83% and quatitative yields, as shown in Chart 2. Treatment of 15 and 16 with potassium thioacetate in acetone furnished crystalline 2-acetylthioacetylimino derivatives (17, 18), 7) which were submitted to alkaline hydrolysis with 4 N NaOH in MeOH to afford the desired thiols (19, 20) in excellent yields, respectively (Chart 2).
Introduction of the thiols (19, 20) into the 1b-mehtylcarbapenem skeleton was performed as follows (Chart 3): Chiral compound 21, prepared according to the asymmetric synthesis which was established by us, 3h) was treated with 19 and 20 in the presence of i-Pr 2 NEt in MeCN to give thioethers (22, 23) in 79 and 85% yields. Deprotection of the p-nitrobenzyl group of 22 and 23 was done by means of treatment using excess Zn powder in THF-0.35 M phosphate buffer (1 : 3) at room temperature, 3i) and then the usual workup 3i,k) of the reaction mixture afforded the desired compounds 5 (33% yield) and 6 (19% yield), respectively.
8)
Because both compounds 5 and 6 were amorphous powder, we attempted recrystallization of crystalline compounds 17 and 18 in a solution of THF and n-hexane. Fortunately, compound 18 was obtained as an excellent single crystal, which was submitted to X-ray crystallographic analysis.
9)
The computer-generated drawing of the crystal structure of 18 is depicted in Chart 4. In the represented structure of 18, significant close contact [2.644(3) Å] between S1 and O1 atoms and planarity of the S1-C1-N1-C2-O1 moiety (torsion angles shown in Chart 3) were recognized. The nonbonded S1···O1 atoms' distance [2.644(3) Å] is considerably lesser than the sum (3.32 Å) of the van der Waals radii (S and O). Thus, it can be suggested from the viewpoints of the structural data 3k) of 18 and 1 and the ab initio MO calculation 6) of 4 that intramolecular nonbonded S···O interactions in the molecules of 5 and 6 must be possible (Chart 1).
Finally, in vitro screening of new 1b-methylcarbapenem antibiotics (5, 6) against several bacteria was performed. The data are summarized in Table 1 . Although these new antibiotics did not exhibit remarkable antibacterial activities, this new synthetic approach based on the intramolecular nonbonded interaction concept seemes to be an attractive gateway toward the development of a new class of 1b-methylcarbapenem antibiotics. 4.52; N, 17.13. Found: C, 38.92; H, 4.53; N, 17. 3H, d, Jϭ7.1 Hz), 1.28 (3H, d, Jϭ6.3 Hz), 3.43 (1H, dd, Jϭ6.1, 2.0 Hz), m), 3.79 (1H, d, Jϭ15.6 Hz), 3.99 (3H, s), 4.01 (1H, d, Jϭ15.2 Hz), m), 8.82 (1H, s 
